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Abstract 
Objectives: The study of the involvement of non-neoplastic cells with genomic instability has not been sufficiently 
investigated. Genomic instability induced by treatment chemotherapy with alkylating agents’ employment has been 
reported in different biological matrices like PBMN, and fpDNA fuDNA. We investigated the possible use of DNA from 
oral mucosal cells to observe the presence of genomic instability being a simple protocol, applicable and non - invasive. 
Methods: Genomic instability was determined in oral mucosal cells of 31 women diagnosed with breast cancer before and 
after chemotherapy with alkylating agents’ presence. MSI was assessed by a panel with five different microsatellite 
regions. 
Results: We observed that 77.41% of patients had any genetic alteration in the oral mucosal cells, with a higher number of 
MSI events by 32.58% compared to LOH events by 24.97%, mainly in the FMR2 (16.29 %) and BAT 26 (13.04%). The 
control group did not show genomic instability in oral mucosal cells. 
Conclusions: The oral mucosal cells are susceptible to genomic instability when exposed to chemotherapy regimens 
containing alkylating agents which allows us a new approach to chemotherapy regimens and their implications and 
propose a new biological matrix for assessing such adverse effects. 
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Introduction 
Systemic treatment represented by chemotherapy is an important part of the approach of patients with breast cancer [1]. 
Despite the consistent improvement in survival of patients the use of alkylating agents during chemotherapy treatment can 
cause the increase of genomic instability which may be associated with the development of secondary malignancies 
considered as a late side effect of therapy [1-3]. 

MSI is defined as a change in size of microsatellite caused by deletion or insertion of nucleotides in the DNA of the tumor 
when compared with normal tissue [4]. Genetic alterations such as loss of heterozygosity (LOH) and microsatellite 



www.sciedu.ca/jst                                                                                                          Journal of Solid Tumors, April 2012, Vol. 2, No. 2 

Published by Sciedu Press                                                                                                                                                                                        11 

instability (MSI) have been reported in several types of tumors and associated with the inactivation of tumor suppressor 
genes and mutations in mismatch repair genes and DNA matching errors [5-7]. 

However, the study of the involvement of non-neoplastic cells with genomic instability and its implication and use as 
diagnostic and prognostic factor has not been sufficiently investigated. This genomic instability in normal cells may be a 
potentially important problem, particularly when these cells are used as reference in LOH and analysis of tumor samples 
MSI [8]. 

Previous work in our study group demonstrated induction of MSI in normal cells of the mononuclear fraction of peripheral 
blood DNA from urine sediment and plasma DNA of women with breast cancer undergoing chemotherapy regimen with 
the presence of alkylating agents [2, 9]. In an in vitro model with lymphocytes exposed to alkylating agents, Marsicano and 
Pinto et al. showed the presence of genomic instability and decrease of repair protein expression hMSH2 [9, 10]. 

Thus, this study aimed at the possible use of DNA from oral mucosal cells for observation of the presence of genomic 
instability observed during chemotherapy in women with treatment breast cancer through a simple protocol, applied, 
approach and non-invasive approach [11, 12]. 

Methods 
We evaluated women diagnosed with breast cancer without prior treatment for breast cancer, treated in outpatient 
Oncology, Faculty of Medicine of ABC (FMABC). The control group was composed of 10 volunteer women free of 
disease in randomly selected FMABC. The project was approved by the Ethics in Research FMABC and all patients and 
volunteers who agreed to participate signed a consent form. Patients eligible for the study and had their donor samples 
collected at diagnosis, three and six months after chemotherapy with alkylating agents presence, proposed by the 
oncologist. Of the 31 patients eligible for the study, 17 agreed to answer a questionnaire about smoking. 

Samples of oral mucosal cells from of patients with breast cancer and the donors of the control group were obtained by 
performing oral swabs with the use of swabs. DNA extraction was performed by following the instructions of the 
commercial kit llustra TM blood GenomicPrep Mini Spin Kit (GE Healthcare, UK). 

To achieve the amplification of sequences of microsatellites, we used the polymerase chain reaction (PCR) the following 
genomic regions: BAT40, BAT26, FMR2, Tp53, PCR15.1 and APC25. For all samples, the PCR products were denatured 
at 94°C in a solution of formamide and subjected to electrophoresis using the equipment Genephor (Pharmacia Biotech 
AB, Uppsala, Sweden) gels in Gene Gel Excel 15/24 (Amersham Pharmacia Biotech, Inc, USA) previously prepared for 1 
hour at 600 V and 12°C. After electrophoresis the gel was subjected to silver nitrate staining performed according to 
protocol instructions Silver Staining DNA Kit (Pharmacia Biotech) using the device Hoefer Gel Stainer Automed 
(Pharmacia Biotech, Uppsala, Sweden). The analysis of the gels was determined by visual inspection of silver staining by 
the investigators (PGCR and FLAF) for verification of the occurrence of genomic instability, this was considered LOH 
when there was a band and disappearance of MSI when there was an appearance of a band "attached" [2]. 

Statistical analysis 
Correlations between categorical variables were analysed using the χ2 or Fisher’s exact test. Statistical calculations were 
performed using GraphPad Prism version 5.0 (GraphPad Software, San Diego, CA, USA). 

Results 

We evaluated 31 patients with mean age of 52.7 years (range 36-78) to the prevailing diagnosis of infiltrating ductal 
carcinoma and 10 women volunteers free of the disease which constituted the control group. The average age of the control 
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group was 23.8 years (range 18-30 years). Women in the control group did not show genomic instability in oral mucosal 
cells. 

The characteristics of patients regarding treatment, chemotherapy regimen used and presence of genomic instability are 
presented in the following table: 

Table 1. Characteristics of patients related to the type of treatment, chemotherapy regimen used and presence of genomic 
instability. 

Type % Number of patients by type of % Instability 

Treatment Patients chemotherapy regime received Genomics 

Adjuvant 45,16 05 AC/ 01FEC / 03 FAC / 01 TAC / 4 AC-T 71,42 

Neoadjuvant 45,16 02 AC/ 03 HT / 01 FAC / 01 TAC/ 07 AC-T 85,71 

Palliative 9,67 02 AC/ 01 AC-T 66,66 
Note: A = adriamycin; C = cyclophosphamide; F = 5-fluorouracil; E = epirubicin at a dose of 100mg/m2; T = docetaxel; HT = hormone therapy; genomic instability due to events of this MSI and / or 

LOH. 

We verified that 77.41% of patients showed any genetic alteration in the oral mucosal cells, with a higher number MSI 
events by 32.58% compared to LOH events by 24.97%, mainly in the FMR2 (16.29%) and BAT 26 (13.04%). The region 
with the lowest expression was APC with (6.51%) (Figure 1). Among the 17 patients who provided information on 
smoking, 35.29% were smokers, smoking in our study did not correlate with the presence of MSI (P = 0.102). 

There was no correlation between changes in MSI in the studied areas between the oral mucosal cells and biological 
matrices such as mononuclear peripheral blood DNA from urine sediment and plasma DNA of women with breast cancer 
(Figure 1) previously studied by Pinto et al. [9]. 

 

Figure 1. Percentage of events of genomic instability in the markers in samples of oral mucosal cells (A) compared to 
DNA from urine sediment (B), peripheral blood mononuclear fraction (C) and plasma DNA (D) studied by Pinto et al. [9] 
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Discussion 

In our study we verified that oral mucosal cells are susceptible to genomic instability when exposed to chemotherapy 
regimens containing alkylating agents, assuming that the formation mechanism of instabilities occurring in different 
tissues not involved in the carcinogenesis. 

The accumulation of these abnormalities, such as insertions and deletions may affect critical genes involved in controlling 
proliferation, differentiation and cell survival and thus direct the process of multiple steps in the development and 
progression of cancer [13]. The action of alkylating agents has as main target the cell cycle, justifying its therapeutic 
applications although their mutagenic and carcinogenic properties have been described repeatedly as a potential marker of 
susceptibility to cancer in humans [14]. 

Fonseca et al. showed these effects of alkylating agents in the peripheral blood by inducing MSI and reduction of the gene 
expression of repair proteins such as hMSH2 and related the use of this drug with the emergence of secondary 
malignancies where was highlight the acute Leukemias and Myelodysplastic Syndrome [2]. In vitro model, exposure of 
lymphocytes exposed to alkylating agents was also observed to commitment DNA repair in cells that have no direct 
involvement in breast carcinogenesis simultaneously the generation of genomic instability [10]. 

The secondary leukemias show frequently microsatellite instability and chromosomal aberrations that proves to be an 
indicator of genotoxicity in the long run, given that these leukemias arise in the period from 50 to 10 years after the end of 
treatment [9]. These secondary leukemias are usually preceded by myelodysplastic syndromes and are characterized by 
significant chemoresistance to treatment which represents a worse prognosis [2, 9]. Although work on the genomic 
instability in tumor cells is constant in papers upon the induction of genomic instability in different biological matrices are 
scarce in literature [2]. 

Among these works, Dietmaier et al. showed frequent MSI in both tumor cells from patients with HNPCC and sporadic as 
in non-neoplastic cells of the colonic mucosa of these patients, indicating that MSI can also occur in normal cells and 
should be considered in the analysis for MSI screening of the molecular HNPCC [8]. In a study of urinary sediment and 
plasma DNA of women with breast cancer Pinto et al. demonstrated the susceptibility of these biological matrices to 
genomic instability after exposure to alkylating agents [9]. 

When comparing the different biological matrices such as oral mucosal cells, PBMNF, fpDNA fuDNA didn't show 
significant correlation in the regions studied perhaps by differential exposure of each biological matrix to systemic 
treatment, showing different susceptibilities in the genotoxicity of each cell type indicating different mechanisms for 
microsatellite instability found [15-18]. Recently, a study conducted on patients after allogeneic hematopoietic cells 
transplantation also demonstrated the occurrence of microsatellite instability in oral mucosa after transplantation. These 
results also show that it is possible to use the cells of the oral mucosa for evaluation of genomic instability [19]. 

The genotoxicity found in this study, assessed by microsatellite instability in the regions of oral mucosal cells of women 
with breast cancer, allows a new approach to chemotherapy regimens and their implications besides proposing a new 
biological matrix for assessing such adverse effects [10, 16]. In this context, the use of cytoprotective drugs to protect normal 
cells from genotoxicity action exercised by cancer chemotherapy, it is necessary besides permit the monitoring and 
increase doses of chemotherapy administered to patients without compromising anti-tumor action of chemotherapeutic 
used together, thus improving the survival and quality of life of patients and may reduce the genotoxic effects shown in 
various tissues [20]. 
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